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PART II.*&mdash;THE THERMO-COUPLE
THERMOMETER.

IT will be gathered from perusal of Part I.
that the relation of temperature to disease has
been studied and recorded so fully that an

enormous mass of literature on the subject must
have accumulated. Much of this literature is of a
single type and has a common origin. From time to
time, however, the need of improved methods and
extended observations has been brought home with
great force to those engaged in practical clinical
thermometry. On the one hand the measurement
of extremely slight variations of temperature was
demanded, whilst on the other, as the diurnal
variations of temperature were demonstrated,
more frequent and repeated observations became
necessary. These demands have been oft repeated,
and clinicians and physicists alike have exerted
great ingenuity and expended much of both time
and energy on the construction and working of

apparatus designed to obtain continuous records of
slight variations of temperature, or such records at
short intervals, over prolonged periods. Discussing
Allbutt’s work, an unnamed writer says 5s :&mdash;

But as the local variations are sometimes slight, although
occasionally amounting to 40, 50, 60 F., or even more, the
ordinary thermometers ...... are not sufficiently delicate
to detect them readily ; accordingly a thermo-electric pile
capable of registering very minute variations has been con-
structed, and, from what we have seen, is likely to lead to
highly important results.
The real value of this thermo-electric apparatus

(the possibility of obtaining continuous records
of the temperature in different parts of the

body) is, however, passed unnoticed. Even then
it had come to be recognised, and now still
more is it evident, that the stage had been
reached at which the mercurial clinical thermo-
meter, a proved instrument of precision of great
value in advancing medical science, could no

longer be considered equal to all the demands
made upon it; some method of continuous regis-
tration and recording of temperatures is called for.
The mercurial thermometer, in spite of its many
good points, has certain imperfections. At best it
registers the maximum temperature only, within
the cavities in which it is placed. The most
delicately constructed mercurial thermometer, after
being placed in position, indicates the maximum
temperature of the tissues of the body with which
it is brought into contact only after a distinct
interval; the " lag " of the instrument is consider-
able and, as usually constructed and graduated, this

* Part I. was published in THE LANCET, Jan. 22nd, p. 173.
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thermometer does not indicate very low tempera-
tures, whilst outside the usual range inaccuracies are
almost unavoidable. With such an instrument no
graphic records of any variations of the body tempera-
ture can be obtained. It can supply no information
as to the variations of temperature which occur,
even while it remains in position, and during the
intervals between its application we are, of course,
completely in the dark as to what rise or fall of
temperature may be taking place. We may take
the patient’s temperature every four hours, but we
still remain in ignorance of the course of events
during the intervening four-hourly periods, and
may miss the indications of a distinct but moderate
tuberculin reaction or of severe internal hmmor-
rhage, occurring, say, after an operation.

GAMGEE’S WORK ON CONTINUOUS TEMPERATURE
RECORDS.

Arthur Gamgee,63 who during the last years of
his life devoted all his energies to the production
of continuous or quasi-continuous temperature
records, writes :-
The careful and detailed study of all the work done since the

earlier observations of J&uuml;rgensen 64 and others on the diurnal
variations of the temperature of man shows in the clearest
possible manner that it can only be by the introduction of
automatic and extraordinarily sensitive methods of regis-
tration that the wonderfully interesting problem of the
diurnal variations in the animal temperature and their
relation to mean tirne, as well as to the other conditions
probably affecting it, could be attacked and solved.

Gamgee was ultimately successful in his efforts
to obtain continuous temperature records, and had
his life been prolonged he would have done the
work on which we are now engaged. He says :-
The motive which urged me to make the sacrifices of all

kinds which this research has involved was the intense
desire to study for the first time, and in an elaborate
manner, the normal curve of the temperature of man, and
thereafter, in the first instance, the changes which that
curve exhibits during the very earliest stages of pulmonary
consumption and of surgical tuberculosis when the organism
is the prey of the tubercle bacillus alone and not yet subject
to a "mixed infection"; for I had, by long-continued
observations carried out with the clinical thermometer,
ascertained the utter want of precision and insight which at
present prevails in reference to the very earliest stages of

phthisis, when physical signs are yet almost, or completely,
in abeyance, and when the cough, the anaemia, the loss of
flesh, and slight temperature abnormalities are the only
guides the physician has to rely upon.
The conditions under which an automatic method of

registering the differences in the E.M.F. of thermo-couples
could be carried out had completely changed since the days
when I worked with Tait. The discovery of the moving
coil type of galvanometer, which we associate with the
name of D’Arsonval, but which had been initiated by the
beautiful syphon-recorder of Lord Kelvin, had, to. my mind,
absolutely simplified the solution of the problem. Given a
galvanometer practically uninfluenced by all changes in the
surrounding magnetic field, and at the same time possessed
of great delicacy under the conditions of the special investi-
gation ; given, besides, an extremely perfect photographic
recorder ; and, thirdly, given a thermostat more perfect
than had ever been constructed, which should be able to
maintain a thermo-couple during days and weeks at a tem-
perature not varying more than 0’020 C. ; fourthly, given
thermo-couples of sufficient delicacy, and of which one set
should be so arranged as to constitute respectively very
perfect surface and deep thermometers, and it appeared to
me that the problem must be definitely solved.

EARLY OBSERVATIONS WITH THE THERMO-ELECTRIC
METHOD.

Seebeck, in 1822, noted that a difference in elec-
trical potential was produced by raising or lowering
the temperature of the " junction" of two dissimilar
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metals beyond that of the remaining portion of a
complete conducting circle in which this junction
is included.
As already mentioned, following up this observa-

tion, the thermo-electric method of registering the
temperature of certain parts and tissues of the
animal body seems to have been used first by
Becquerel and Breschet (1835), who made use
of a single pair of " copper-steel " couples. They
investigated the temperature of tissues and certain
internal organs of some of the lower animals and
of man. The thermostat, in which the constant
temperature couple was kept at a standard tempera-
ture, varied only 0’1&deg; C., was devised by M. Sorel
and constructed by M. Gourjon. The variable
couple, provided with a sharp point, was thrust
into the tissues of the animal being investigated.
Although this apparatus was obviously unfitted for
use in ordinary clinical work, valuable thermo-
metric data were obtained, not only by the devisers
of the apparatus, but by Dutrochet,66 who perfected
it. Dutrochet is perhaps best known for his obser-
vations on the emigration of leucocytes which
preceded those made by Waller and Cohnheim.
This method was also utilised by Helmholtz

(who, however, employed three elements) and
others for the purpose of measuring the heat
developed during simple and tetanic muscular
contractions.
John Simon,68 at St. Thomas’s Hospital, London,

studied the temperature in inflammation, combat-
ing Hunter’s conclusion that an inflamed part is
not hotter than the blood which it receives, and
quotes Becquerel and Breschet in support of his
contention that such a part is 

" 

considerably hotter
than internal organs of the body (which in effect
would mean considerably hotter than the blood
which it receives)," and he remarks " everything
therefore turns on facts of comparative thermo-
metry." To settle this uncertainty
the writer [Simon] believes that some thermo-electric
observations which he, with the valuable aid of his colleague
Dr. Edmund Montgomery, has recently made in the subject
may be deemed practically conclusive. And on the evidence
of these experiments, he now ventures to say that an

inflamed part is no mere passive recipient of heat, but is
itself actively calorific.

Montgomery’s thermometric apparatus consisted
of a miniature thermo-electric battery made ,

by the angular contact of platinum and iron ; each in a
single delicate bar, which, where soldered to the other, was
brought to such sharpness that the end of the metallic
commissure could be thrust, like a pin, into any soft animal
texture. [Here Montgomery appears to follow Becquerel
and Breschet pretty closely. Then] two such thermo-electric
pins or batteries, connected by copper wires with one another
and with a sensitive nearly astatic galvanometer, were used
as a means for comparing the relative temperatures of media
with which they respectively were brought into contact, and
were found quite sufficient for the purpose ; for when one of
them was made ever so little warmer than the other, the
fact was instantly indicated by a corresponding movement
of the galvanometric needle.

Using this apparatus, Simon satisfied himself
that the arterial blood-supply to an inflamed
limb is less warm than the focus of the inflam-
mation itself; that the venous blood returning
from the same source, though less warm than the
focus of inflammation, is warmer than the arterial
blood supplied to the focus of inflammation ; and
that the venous blood returning from an inflamed
limb is warmer than the corresponding current on
the opposite side of the body; from all of which
he concludes that an inflammatory process involves
a local production of heat. These experiments

carried on by Simon and Montgomery are "ofextreme interest, coming as they did so early jn
the era of thermometric methods.

THE CLINICAL THERMOPILE AND OTHER

APPARATUS.

Lombard,69 in 1866, working on the same lines,
devised a thermo-couple thermometric apparatus
with which he made a series of observations on
the temperature of the head whilst intellectual
work was being done. In 1875 this observer
endeavoured, in the instrument he describes, "to
combine portability and compactness with sufficient
delicacy for all clinical and many physiological
investigations....... Portions of the apparatus
are not new, having been devised by the writer
in 1866 and described by him in Archives de
Physiologie, July, 1868." He gives a full description
and figures of the instrument he used and divides
it into five parts-the galvanometer, on the prin-
ciple of that devised by Sir William Thomson; the
rheostat, similar to a larger one devised in 1866
and described with figures (op. cit.); ; the two
thermopiles were composed of an alloy of antimony-
zinc-cadmium the " result of a long and elaborate
series of researches in thermo-electricity, made some
years since by Mr. Moses G. Farmer, of Boston, Mass.,"
coupled with bismuth as the other metal; a tin
kerosene lamp and a brass stand with a horizontal
arm having a clamp at its end ; a compass and
a magnifying glass completing the equipment.
Then follow full directions for the use of the
apparatus. The author first deals with cases in
which the relative temperature of parts at the
moment of observation only was concerned. Then
he notes a prolonged experiment on the tempera.
ture of a part.

Dr. Bastian 70 remarks that " this apparatus is
very easy to work, and yields accurate and reliable
results "; but although Lombard improved and
altered his apparatus from time to time his work

never gained much favour.In the meantime Gauntlett," of Middlesbro’-on-
Tees, in 1859, introduced an apparatus which he
termed a chronometrical thermometer. It was

devised for the purpose of keeping 
" 
a permanent

record of the temperature of a ward or sick-room
day and night," and consisted of a clock to which a
thermometer tube is connected. This clock puts in
motion a drum, to which a slip of paper is attached,
on which a pencil, put in motion by the rise and
fall of the mercury in the thermometer, inscribes
a continuous line or curve. "This line is a per-
manent record of the temperature." The slip of
paper is ruled with vertical lines representing
the thermometer scale, and horizontal lines corre-
sponding to the hours of the day and night.
On the publication of Lombard’s description of

the Clinical Thermopile Allbutt ’ referred to a
similar piece of apparatus of his own. Unable to
obtain one of Casella’s clinical thermometers he,
in conjunction with Messrs. Harvey and Reynolds,
of Leeds, spent some considerable energy and time
(1866 and 1867) in perfecting a portable clinical
thermometer. They also tried to adapt the
mercurial thermometer to surface temperature
work. At first little came of their efforts, but
in 1868 Messrs. Harvey and Reynolds constructed
for Allbutt an instrument less perfect and elegant
than, but substantially the same as, that of
Dr. Lombard. It consisted of piles or couples
attached to handles identical with those figured by
Dr. Lombard, of a rheostat and of a galvanometer.
The piles were of bismuth and antimony.
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The rheostat was far inferior to Dr. Lombard’s and the

galvanometer less perfect in detail. I am told by
physicists that my instrument was as good as could be
had at the time....... I constructed it with the help and
advice of the first physicists of the day. I am also told
that much of the excellent detail in Dr. Lombard’s calcula-
tions was scarcely possible before the date of some publica-
tions by Professor Tait, of which, I regret to say, I know
little. I have had my machine, such as it is, in work since
1868. [He then continues:] The connecting wires, &c., made
it too cumbersome for ward work, yet for some time I used
it in the wards of the (Leeds) Infirmary and made very
valuable observations in the wards which I supplemented in
my chambers.

This apparatus was found to be thoroughly trust-
VVULU.1.J.J too OJ .LU.OGBlUO UL

recording surface tem-recording surface tem-

perature, but Allbutt
came to the conclusion
that, as yet, it could
scarcely have a high
clinical value, the most
valuable results obtained
being those bearing on
the relations between
superficial and internal
heat. He was of opinion,
as the outcome of his
observations, that there
is little, if any, constant
ratio between the two,
as sometimes the super-
ficial heat would ascend with the increase of
internal heat, sometimes it remained stationary
during such ascent, whilst again it sometimes
actually descended, the ratio varying with the parts
examined. He found, too, that while the internal
heat is fairly constant the superficial heat is very
variable. He also made a series of curious observa-
tions on the localities of sweating in hectic and
similar cases.

PRESENT INVESTIGATIONS : DESCRIPTION OF
APPARATUS.

In 1879 one of us, following Jiirgensen,’3 working
in the old Royal Infirmary, Edinburgh, and with the
aid of an ordinary clinical thermometer, endea-
voured to obtain quasi-continuous temperature
records in cases of wound infection. Here the
success obtained was no greater than was the

With the evolution of the Thomson-D’Arsonval
galvanometer this difficulty was removed, and in
1908, as already noted, Gamgee"’ made his final and
almost successful effort to evolve a practical
method of continuous temperature recording suit-
able for use in the hospital ward. For his thermo-
electric couples Gamgee employed copper and con-
stantan, a combination with which he obtained
excellent results. He was compelled to admit,
however, that the method was, from its very
perfection, unsuitable for general use on account
of the extreme delicacy of the apparatus, and,
further, because of the necessity of employing
a very elaborate and susceptible thermostat. On

Fie. 1.

Chart showing variation of pressure of gas supplied to heating burner for thermostat.

Gamgee’s death we were impelled to return to this
work and to commence a series of new investiga-
tions on the variation of the internal and surface
temperatures of patients. Fortunately for us we
were enabled, through the courtesy of Mrs. Gamgee,
to gain access to Gamgee’s apparatus, and with
it to continue his investigations on the diurnal
variation of temperature of the healthy human
being, and then to take up the action of hot and
cold fluids introduced into the stomach, and, finally,
the effect of certain drugs, especially alcohol.
Although it was found that Gamgee’s forecast as

to the relative unsuitability of the photographic
method for ordinary work and the use of thermo-
couples with the necessary constant temperature
apparatus was to a certain extent justified, we
were able, with the help of an air-toluol-mercury
thermometer, thermos flasks, and gas-pressure

FiG. 2.

Photograph of image of rising and falling column of mercury, showing the diurnal variation of temperature of the thermostat,
which is never greater than 0’010 C. The shaded portion indicates the clear space above the mercury meniscus. (Read the figure
from right to left.) The vertical white lines indicate time and were marked by switching off the tight for two or three minutes.
Note the delay in rise of temperature which occurs some five or six hours after the rise of gas pressure. (Couples and thermo-
meter in vacuum flask in thermostat.)

similar experiment carried out by Jurgensen. On

consulting the late Professor Tait as to the possi-
bilities of (a) using thermo-couples, one of which
could be kept at a constant temperature, and
(b) devising a suitable galvanometer, it came out
that the question of recording the temperature of
the human subject had already occupied the atten-
tion of Professor Tait and Dr. Gamgee for some
time, and that they had met with difficulties,
especially as regards the galvanometer, that then
appeared to be insuperable.

regulators, to obtain extraordinarily good results.
Moreover, the experiments made with the thermo-
couples were so successful and opened up such
possibilities that we decided to continue investiga-
tions along two lines, and in the present paper we
record improvements, or at any rate simplifications
of, and additions to, Gamgee’s apparatus by means
of which we were enabled to eliminate certain
errors and to obtain more consistent records; we
then discuss our results obtained with the
resistance thermometer.
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The Thermostat.
In our earlier experiments we used the thermo-

stat constructed by Gamgee 63 but were at once
confronted with a difficulty. Although the tem-
perature of the water was always the same at

any given time on consecutive days, slight varia-
tions were undoubtedly recorded at different
periods during any one day, this being due, in
part at any rate, to the varying pressure of the gas
supplied to the burners (see Fig. 1) which with
great regularity rose in the evening and fell in the
morning. Even with a specially constructed gas
regulator we failed to eliminate these variations
and we turned our attention to other factors in the
problem. It was then found that in the tempera-
ture of the water in the thermostat, agitated by the
rotary pump used by Gamgee, although the mean
remained the same at any one period, there were
continuous slight oscillations, due apparently to the
slight variation in the temperature of the currents
set up, variations which were easily detected by
the extremely sensitive thermometer used.
We attempted to obviate this difficulty by

inserting the constant temperature couple in a

vacuum flask filled with sand and water and sub-
merging the whole in the water contained in the
thermostat. Even with this precaution it was

found, when the pump was working, that currents
varying in temperature were easily demonstrated.
To overcome this difficulty the couple and a delicate
thermometer were tied into the vacuum flask by
means of insulating tape, the neck of the flask
being sealed with tinfoil in such fashion that any
disturbing elements, due either to currents set up
by the pump or to convection, were done away with;
and as the pump had now become a complicating
factor its use was discontinued.

In determining the variations of temperature in
the vacuum flask the following method was used.
A beam of light from an electric lamp passed
through a cylindrical condenser was focussed on
the stem of the delicate mercurial thermometer,
and then, by means of a couple of lenses on a drum
revolving once in 24 hours and covered with
sensitised (bromide) paper, the whole being placed
in a small dark room or camera. An inverted image
(Fig. 2) of the thermometer with the horizontal
lines marking 1/100&deg; C. (0’01&deg;C.) and the shadow
of the column of mercury was thus obtained, and
with this apparatus a complete photographic
record of any excursion of the mercury during
the 24 hours could be obtained, the horizontal
markings of the thermometer being photographed
at the same time and giving the nature and extent
of the excursions. Several such records were

taken, and with most concordant results, the tem-
perature rising each night and as regularly falling
each morning. These variations did not, however,
correspond in time to the variations in gas pressure
as they did before the vacuum flask was introduced,
the temperature was steadier, and the fluctuations
were not only smaller, but were considerably delayed.
This, of course, was anticipated.
The temperature of the water in the vacuum

flask, and therefore in the enclosed thermo-couple,
varied only 1/100&deg; C., or 1/55&deg; F. (0’018&deg;F.), during
the 24 hours, the variation, considerably delayed,
however, corresponding to the alteration of the gas
pressure. During many hours of the day there was no
variation and any variation that occurred took place
very slowly. There is indeed no rapid change of
even 1/100&deg;, and during any short period the varia-
tion never exceeded 1/1000&deg; C. (0’001&deg; C.)-certainly

a negligible quantity. Since for our purpose the
reading of a patient’s temperature to 1/501 C. (0’02&deg;C.)
is more than sufficiently exact, the temperature in
the thermostat is practically constant. Neverthe.
less, if greater accuracy should be required, knowing
the time at which the temperature varies 1/100&deg; C.,
it becomes simply a matter of calculation, after
making the necessary allowance, to give the exact
temperature of a patient at any period in the
24 hours.

Thermo-coecpbes.
When we had completed the first few of our

experiments it became obvious that there must be
a considerable " lag in the thermo-couples used
by Gamgee and illustrated by him in his paper;
this on account of their great mass-the greater
the mass to be heated the longer the time required
for the instrument to give a correct record. In

FIG 3.
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Drawing of " skin thermometer," showing the wires com-
posing the thermo-couple embedded in, and held in position
by, a vulcanised rubber-canvas support.

some cases we found that the registration of the
correct temperature did not take place until 30 to
45 minutes after the thermometer had been
inserted. An ideal thermo-couple, or one approach.
ing nearest to the ideal, must have as little mass
as possible and must resist the action of warm
water and sweat; the material surrounding the
couple must be a non-conductor of electricity and,
at the same time, must be flexible, though suffi-
ciently rigid to prevent undue movement; other-
wise the delicate wires of which any workable
couple must be constructed will soon snap.
Our best results were obtained with a couple

(Fig. 3) consisting of a fine copper wire, 0’004 in.
in diameter soldered to a similar constantan
wire between two stout pieces of indiarubber
(canvas emdedded in rubber and vulcanised)
2 in. X 0’25 in. X 0’06 in. to 0’12 in., the couple
or junction of the two wires being exposed on

FiG. 4.

Drawing of " rectal thermometer," showing the wires com.
prising the thermo-couple embedded in the eye of a No. 6
catheter, and held in position by hardened rubber solution.

the surface of the rubber. This material was
selected only after a number of substances had
been experimented with and rejected: vulcanised
fibre, mica in thin sheets, celluloid and enamel,
each of which had to be discarded for various
reasons, the chief of these being that they did not
withstand the action of warm water and sweat.
When placed in contact with the skin most of them
tended to buckle up, and in spite of the fact that
the delicate wires forming the couple were con.
structed in spiral form in order to relieve any
accidental tension, they almost invariably snapped
as soon as the buckling took place ; and although,
owing to their lack of great mass the lag was almost
eliminated, we discontinued the use of any of these
materials but the vulcanised rubber. To the ends
of the fine " couple wires " similar wires of greater
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diameter are soldered, and to
these latter are attached still

stronger leads, these in turn

being connected to the recording
instrument.
In a thermometer of this type

the lag is less than a couple of
minutes, the instrument is flat,
not too large, easily fixed to the
skin in the axilla or groin or,
indeed, any part of the body,
by means of a little strip of

plaster; and, causing no incon-
venience to the patient, is
admirably adapted for taking
surface temperatures. We found
that the truss method of fixa-
tion employed by Gamgee was
not satisfactory, in that the
thermometer, even with the best
fitting truss, cannot be main-
tained in continuous contact
with the skin, and the instru-
ment becoming slightly dis-

placed, air rushes in, with the
result that the couple is in-

stantly cooled and there is a
sharp fall in the record line.
Further, it must be remembered
that with the method of fixation
suggested above the actual skin
temperature is not recorded, as
the moment a piece of adhesive
plaster or a bandage is placed in position
over the instrument, evaporation and radiation
are prevented and the skin temperature rises.

Any failure of contact is at once manifest on
the Darwin thread record and the thermometer
can be readjusted at once. In the records here

presented the relative variations may be accepted
as being fairly accurately measured, though it

FIG. 7.

Thermo-couple record of groin (skin) temperature of a healthv man. A, Awake;
B, Breakfast; C, Cigarette; D, Dinner; M, Glass of milk; 0, Thermometer removed
for a short time; R, Reading; -4, Supper; T, Tea; W, Washed; Ap, Apple; Mic,
Micturition ; Sl, Asleep; S.M, Glass of soda and milk.

FIG. 6.

Thermo-couple record of rectal temperature of a healthy man.

cannot be claimed that the absolute temperature
is recorded.
In the construction of the rectal thermometer

L (Fig. 4) the strip of rubber is replaced by a soft
, No. 6 rubber catheter, the couple or junction being
embedded in the eye of the catheter and the

I surrounding space filled with rubber solution,
j which is allowed to " dry." The junction is brought

flush with the surface of the
rubber tube, where, although
fully exposed, it can do no

Thermo-couple record of rectal temperature of patient J. S., Oct. 23rd-24th, 1912, suffering
from pulmonary tuberculosis. This record was transmitted over wires from Addenbrooke’s
Hospital to the Pathological Laboratory in Downing-street, about one-third of a mile away.

Fis. 8.

Thermo-couple record of rectal temperature of patient E. J.M, Oct. 21st-22nd. 1912, sufferingfrom tuberculous peritonitis. The record was obtained in the same way as No. 7.

damage to the wall of the
rectum, and, causing no in-
convenience to a patient, once
inserted it may be left in

position for 24 hours or more.
The wires leading from the
open end- of the catheter may
be easily attached to the
thighs by strapping and led in
spirals from the bed to the
recording apparatus; there is
then no danger of the catheter
being displaced or of the wires
snapping under undue ten-
sion. Under these conditions
the subject of the experi-
ment is able to move in bed
as much as can reasonably be
desired. He may even be
able to get up for a short
time during either the day
or night without interfering
materially with the continuity
of the record. The lag is
just as slight as in the skin
thermometer-two minutes-
at the end of which time the
recording instrument invari-
ably registers the correct
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temperature. Usually two separate
records were taken, one of the
groin temperature and one of
the rectal temperature. (Figs. 5
and 6.) These will be discussed
later.
Although most of the experiments

were conducted in the laboratory,
with the subject and the apparatus
in the same room, a number of the
records (see Figs. 7 and 8) were made
in the laboratory with the patient
in bed at Addenbrooke’s Hospital
some 600 yards away, the thermo-
stat being stationed in the hospital
near the patient and the leads

being insulated and brought in a
special cable to the laboratory.

Testing the Couples.
Using different forms of thermo-electric couples,

or thermometers, it was found necessary at
first to test each one of them, their resistance
varying according to the thickness and length
of the wire used. It is an easy matter, how-
ever, to make this resistance constant by the
insertion in the circuit of a manganin resistance
box and bringing the resistance of the system to
some definite figure, say 100 ohms.
In the earlier experiments, each couple as it

was made was standardised. To do this an

ordinary thermos flask is filled with water at
a definite temperature-say 97&deg; F. or 37&deg; C.&mdash;this

t After a few experiments we discontinued the axillary record, as we
found it impossible to keep the thermometer in proper contact with
the skin for any prolonged period. For short periods admirable records
could be obtained, but the patient soon tires of keeping his arm fixed.
The difficulty in the lower limb is not so great, as even with considerable
movement of the leg or thigh little displacement of the thermometer
occurs and there is no inrush of cold air.

Fic. 11.

Thread Recorder, front view.

Chart showing oblique line indicating the steadily falling temperature of water cooling
in vacuum flask ; it serves as a standard with which to compare the temperature
curves illustrating this paper.

Essential parts of the thread recorder.

being determined by a very delicate accurately
graduated mercury thermometer marked off in
1/1000 C. inserted in the flask. The couple is then
introduced into the flask, and after an interval
of one minute the temperature as indicated by
the mercury thermometer is noted. The gal-
vanometer circuit is closed by means of a switch
and the temperature recorded by the deviation
of the galvanometer mirror when Gamgee’s
photographic method is used, or of the lever

I when the Darwin thread-recorder is employed.
The water in the thermos flask cools very
slowly, especially when a plug of cotton-wool
is placed in the neck of the flask. When a fall of
half a degree is recorded by the mercury thermo-
meter the circuit is broken, and this is repeated
for every half degree until there has been a fall of

DESCRIPTION OF LETTERING ON FIGS. 11, 12, AND 13.

A, Drum on which temperature is charted. B, Inked thread.
B’, Spring keeping inked thread taut. C, Presser-bar on which
scale is marked. C’, Spring raising presser-bar. D, Cam rod
with two cams (rod revolves once in 2 minutes, presser-bar
lowered once per minute). E. Knife edge at end of galvanometer
lever. :F, Gear wheels to alter rate of revolution of drum.
G, Driving clock. G’, Slave clock. G 2, Fly wheel. G 3, Fly
wheel stop. H, Resistance coil now combined with thermnmeter
leads so that any thermometer may be used. I and I, Zero
plugs. K and K’, Recording plugs. L, Calibrating plug.
M, Slide wire for calibrating. N. Dummy leads. o, Thermo-
meter leads, P, Thermometer. R, Battery leads. s, Combined
leads. T, Suspended coil. u, Suspended wire or torsion head.
v, Clamping screw. w, Wire engaging with cam. x, Magnet.
Y, Connecting lead. z, Frame.
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Thread recorder, back view.

two or more degrees. AVe then have on the record a 
I

falling straight line divided into half degrees, these Imarking off sufficiently accurately the recorded tem-
peratures (see Fig. 9).,, s This marked line serves as I
a standard, and the degrees may be marked off on I
any subsequent record
taken from a patient,
provided that the same
thermometer is used, 

Ithat the galvanometer
is not interfered with,
and that the thermostat
temperature remains iconstant. !

The Recording 
&iacute;

4PFM8.
In all our earlier ex-

periments we used the
photographic recorder
devised by Dr. Gamgee
and described in his

paper 63 and again by
one of us.7&oacute; The resist-
ance of the galvano-
meter we use for the

photographic method is
10’5 ohms, this giving a
deflection of 512 mm.

&Dagger; The line is not absolutely
straight, for as the temperature
of the thermos flask approaches
the temperature in the thermo-
stat, the line develops a slight
curve.

&sect; To develop the bromide paper
record lay it on a flat board and
pass over it a wad of absorbent
cotton-wool soaked in " de-
veloper" until a good image is
obtained. Then wash, fix in
hyposulphite of soda, again
wash, and allow to dry.

per micro-volt when recorded on the photo-
graphic paper placed 116 cm. distant from the
galvanometer mirror. The E.M.F. given by
Cu-constantan junctions for a temperature
difference of 1&deg; (J. is the mean 40 micro-volts ; if
this E.M.F. were applied to the galvanometer
terminally the deflection would be 12 X 40 =
480 mm. This gives a sensitivity too great for
working conditions, and to overcome this a

resistance is introduced into the galvanometer
circuit to reduce the sensitivity, according to
the range of temperature, to the required figure.
If the circuit were composed entirely of copper
an error of 0’4 per cent. per 1&deg; would be intro-
duced due to resistance variation with tem-
perature. By introducing manganin, however,
which has an exceedingly small temperature
coefficient, this becomes practically negligible.
Moreover, its insertion in the series serves the
purpose of further reducing the error due to

resistance changes. It is

v U V.LV u.1;.LY LLublEaulul 111 unjmj-

to avoid errors due to thermo-
electric effects, to have as

few dissimilar metals as pos-
sible in the circuit. The gal-
vanometer terminals there-
fore are made of copper, and
a copper wire is run from the
frame terminal to the top of
the suspension and there
attached,thus eliminating any
possible effect due tothe brass
carcase of the galvanometer.

Galvanometers of this type are very susceptible
to vibration, and a special stand or frame in
which the galvanometer is suspended" had to
be devised. The whole apparatus, as above
noted, gave excellent results. It is, however,

1.’rG. 13.

Complete temperature " outfit " as used in most recent experiments.
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very cumbrous, and requires for its use a special
dark room, whilst facility in its manipulation can
only be acquired and retained by much and con-
tinued practice ; and after we had used it for some
time we decided, after consultation with the

Cambridge Scientific Instrument Co., to whom we
are greatly indebted for most valuable advice and
assistance, to discontinue the photographic con-

tinuous recorder in favour of the thread (quasi-
continuous) recorder devised by Mr. Horace Darwin.

The Quasi-continuous Temperature Rec01’d,
The thread recording apparatus consists essen-

tially of a sensitive recording galvanometer of the
D’Arsonval type so arranged that it gives a series
of records of the instantaneous deflections of a
galvanometer pointer at very short intervals, the
method employed having the advantage that all

pen friction is avoided. In Figs. 10, 11, and 12
are shown the essential parts of the recorder, con-
sisting of a galvanometer pointer E, turning about
its axis and overhanging a drum, A. Between the
pointer E and the drum, parallel to its axis and a
short distance from its surface, an inked thread, B,
is stretched. A presser-bar, c, is situated above
the galvanometer pointer, from which it is normally
held free by a cam, D. At regular intervals this
cam makes a half revolution, first allowing the
presser-bar to fall upon the pointer and then
raising it free of the pointer. As the presser-
bar falls it brings the pointer down on to the
drum, nipping the inked thread between the
pointer-on the under side of which is a knife
edge-and the paper, when a dot is left upon the
paper at the point of intersection of the pointer
and the inked thread. We have thus a visible
record of the deflection of the galvanometer at the
instant when the presser-bar falls. The galvano-
meter pointer is so hinged that it can be depressed
without any bending of the suspension, whilst in
the intervals between the production of the dots
the galvanometer is free to take up its true deflec-
tion without frictional errors. As the dot is always
produced where the thread and the pointer inter-
sect, it is obvious that by suitable arrangement of
the galvanometer coefficients, paper with rectangular
coordinates of uniform scale can be used. (See
Fig. 10.)
The clockwork arrangement G is divided into

two parts, the " drum clock " (G) and the " slave
clock" (Gl) (Figs. 11 and 12). The drum clock
drives the drum A at a definite speed of one

revolution in 25 hours or of one revolution in 2
hours and 5 minutes, according to the setting of the
gear wheel F. The slave clock drives the cam
shaft and cam D, and thus operates the presser-bar
C. A removable cam on the drum clock engaged
with a wire (w) is driven by the slave clock and
allows it to rotate at intervals of half a minute or
one minute, according to the cam used.

(To be continued.)
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PRELIMINARY NOTE ON THE USE OF
GYNOCARDATES ORALLY AND SUB-

CUTANEOUSLY IN LEPROSY.
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Chaulmoogra oil has for long maintained its
reputation as the best known remedy for leprosy,
although it is so nauseating and interferes so much
with digestion that only rarely can it be borne in
sufficient doses to be more than a palliative in this
obstinate disease. On this account for a number
of years past I have prescribed gynocardic acid
(also known as chaulmoogric acid and believed by
many to be the active principle of the oil) in place
of chaulmoogra oil, which contains a large pro.
portion of almost certainly useless palmitic acid.

Cases Treated with Gynocardic Acid and Gyno- ,

cardate of Soda Internally.
In three patients who have been able to tolerate

large quantities of gynocardic acid by the mouth
I have seen remarkable improvement in the course
of a year or two under such treatment. Nastin has
also been used in these cases, but as a careful trial
of this drug alone in the Gobra Leper Asylum at
Calcutta convinced me that it was nearly, if not
quite, useless, I attribute the improvement in the
patients referred to as due to persistence with
gynocardic acid.
CASE 1.-The first of these cases was a very extensive

macular leprosy with tubercular affection of the face. I
have seen the patient quite recently after over two years’
treatment, and at the present time the macular lesions on
the body and extremities, in which I found numerous leprosy
bacilli at first, have almost entirely disappeared, and the
only visible change remaining is slight redness and thicken-
ing of the skin of the face and forehead. Nastin was also
used in this case and may possibly have had some share in
producing the improvement. Leprolin was followed by an
increase of lesions.

CASE 2. -The second patient was a mixed tubercular and
anaesthetic leprosy, with numerous raised macules on the
body and extremities, tubercular affection of the face, and
thickening of the left ulnar nerve, with extensive anaesthesia
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